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COMPLETE SPECIFICATION. 

Improvements in and relating to Membranes. 



We, Sartorius-Membranpilter Gjn.b H. 
formerly known as Membranfiltergesell- 
schaft G.m.b.R, a German Company, of 
96/I02 r Weender Landstrasse, Goettingen. 

5 Germany, da hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly "des- 
cribed in and by the following statement : — 

10 This invention relates to membranes, 
more particularly to alginate membranes 
and to a process for the production of al- 
ginate membranes. 
The known alginate gels are produced by 

15 putting a thin layer of an alginate solution 
on to a porous substrate which is saturated 
with a solution of a substance which forms 
an alginate gpl with the alginate solution. 
Such alginate gels are used, for example, 

20 as filtering material for the separation of 
viruses or other minute particles up to a 
size of less than 10X10 - * metres or as so- 
called ion exchanger membranes in which 
polyvalent cations, such as aluminium, can 

25 be substituted for other ions. The property 
of the alginate membrane of dissolving 
again in. far example, solutions of sodium 
ions makes it possible to obtain a concen- 
trated virus suspension after the filtration. 

30 The alginate solution used for the forma- 
tion of the alginate gel is an aqueous solu- 
tion of an alkali metal or ammonium salt 
of alginic acid, a weak organic acid. Pre- 
ferably solutions of alginate of monovalent 

35 cations, for example of sodium are used. 
Alginates, with polyvalent cations, (except 
Mg 2+ ) are insoluble. 

The gel-forming substance is a salt solu- 
tion with polyvalent cations, for example 

40 with Al 34 - or La 3+ cations. Salt solutions 
with these cations have proved the most 
useful. When the alginate membranes to 
\Prke 4s. 6d.} 



be prepared are to be used for the filtration 
of germs and, viruses, the use of heavy metal 
ions harmful to germs in the solution is 45 
ruled out. Mg 2 * cations are not utilisable 
for the gel formation. 

For the preparation of the alginate gel a 
porous substrate, for example a paper or 
membrane filter, is saturated with the gel- 50 
forming substance. The viscous alginate 
solution is drawn out in a thin layer on 
the foundation by means of a sliding car- 
riage. A reaction takes place in which the 
polyvalent cations of the gel-forrning sub- 55 
stance combine with a specific number of 
alginate chains. The reaction product is 
insoluble and separates as a thick water- 
containing gel. The cations of the algin- 
ate solution combine with the acid residue 60 
of the gel-forming substance to give a water- 
soluble salt. Owing to diffusion processes 
and syneresis (shrinkage; until adjustment 
to a thermodynamically stable condition 
occurs) the gel formed has three zones; (a) 65 
a primary membrane which is formed at 
the boundary between the gel-forming sub- 
stance on the foundation and the alginate 
solution spread out on this, (b) the region 
of the so-called "disintegration in drops" 70 
and (c) a capillary, layer. 

When the alginate gel is allowed to dry 
on the substrate after the drawing out,, it 
first shrinks in a direction perpendicular to 
the surface. Parallel to the surface it re- 75 
tains its extended form at first, since the 
primary membrane of the gel is connected 
jBbrmly with the substrate by adsorption. 
With progressive drying, however, the ten- 
sions parallel to the surface become greater 80 
than the adsorptive linkage, so that the al- 
ginate gel is detached from the. foundation, 
becomes brittle and tears. For this reason 
alginate gels could not previously be dried, 
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but are kept only in the wet state, Le. under 
water. On account of the high water con- 
tent in comparison with the solid substance, 
the gel has a very low stabflity and can 
5 only be used with the utmost caution. A 
fairly long keeping time and transport of 
the gel are out of the question in practice. 
These properties of the alginate gel make 
1 it necessary that the gel should not be 

10 formed until immediately before use and as 
far as possible at the place of its later use, 
for example for nitrations, directly in the 
filtering apparatus. 

Through the invention the disadvantages 

15 and difficulties hitherto connected with the 
alginic gels may be avoided. This is 
achieved according to the invention by 
mixing a softener with the alginate solution 
before its application to the substrate and, 

20 after the gel-forming process, subjecting the 
gel and the foundation to a drying process. 

When a softener is added to the alginate 
solution before the gel-formation the 
softener remains as a dispersing phase of 

25 the gel during the drying. Thus the gel does 
not completely shrink on drying, but re- 
mains pliable and consequently firmly con- 
nected to the substrate. An alginate mem- 
brane partly shrunk and dried in diis way 

30 is substantially more stable than the gel 
formed without softener. The partly-shrunk 
membrane is stable towards air and there- 
fore able to be stored and transported. The 
stable alginate membranes may be prepared 

35 in any desired shape and size and, owing 
to the firm connection between the algin- 
ate membrane and the substrate, the mani- 
pulation is much simplified. 
The addition of softener does not alter 

40 the properties of the alginate membrane. In 
the optical and electron microscopes the 
partly shrunk membrane shows the same 
structure as the gel formed without addi- 
tion of softener and not dried, since essen- 

45 tially only the capillary layer perpendicular 
to the surface shrinks. However, the capil- 
larity is not thereby lost, so that the partly 
shrunk membrane shows, for example, the 
same permeability and the same capacity of 

50 retaining the very smallest particles as a gel 
prepared without addition of softener and 
not dried. 

The stability of the alginate membrane 
achieved by the addition of softener is also 

55 retained when this is wetted with water dur- 
ing use, since the membrane absorbs hardly 
any moisture. When the membrane is 
washed through, for a relatively long time, 
however, for example in the case of filtra- 

60 tions, the softener is washed out by water. 
Thereupon the partly shrunk alginate mem- 
brane on drying is detached from its con- 
nection with the substrate, so that it is pos- 
sible to remove the membrane, together with 

65 the filter residue from the substrate. If it 



is desired to obtain the membrane wet, it 
is placed for a short time in a basin with 
water. After a few moments the membrane 
floats off the substrate. It is found that 
filtered viruses are not lost during this 70 
operation; they remain in the capillary 
spaces. 

A hygroscopic liquid that is ddfricultly 
volatile is preferably used as the softener. 
It is thus ensured that, even on fairly long 75 
storage the softener remains in the alginate 
membrane and the membrane cannot com- 
pletely dry out, so that the danger of tear- 
ing and detachment of the substrate is re- 
moved. Glycerol has proved to be especi* 80 
ally suitable as a softener. 5 to 20 weight 
per cent of glycerol is added to the alginate 
solution during manufacture of the mem- 
brane. If the percentage of glycerol is less 
than this the produced membrane is brittle; 85 
if. more the membrane is greasy. An addi- 
tion of 12.5% by weight of glycerol has 
proved particularly useful. / 

The invention will be further described \ 
with reference to any one of the following 90 
Examples. 

EXAMPLE 1 

An aqueous solution containing about 
300 g of A1CI 4 , 6H 3 0 per litre is used as 
the gel-forming substance. A sheet of 95 
porous filter substrate is saturated with this 
solution and laid, free from air bubbles, on 
a flat surface. A 0.5 to 3% aqueous sodium 
alginate solution serves as the alginate solu- 
tion. A 1 % by weight sodium alginate soh> 100 
tion is preferably used. 12.5% by weight 
of glycerine is mixed with this solution. Less 
than 5% by weight the prepared membrane 
remains brittle. 

The alginate and glycerol solution is 105 
spread over the saturated porous substrate 
to a thickness of about 1 mm by means of 
a sliding carriage. An alginate gel now 
forms, when the trivalent aluminium ions 
combine with the alginate chains, and Na + 110 
and Or ions remain in solution. The whole ( 
is subjected to an air drying at ambient 
temperature. Within three days the greater 
part of the water has evaporated. A stable 
aluminium-alginate membrane remains 115 
firmly connected with the membrane filter 
foil, which aliginate membrane still con- 
tains excess AlQ 3 .6H s O, some NaCl and 
glycerine. The membrane filter foil with 
the alginate membrane firmly adhering 120 
thereto can now easily be removed from 
the flat surface and cut up in a suitable 
form and stored. 

EXAMPLE 2 
If instead of Aid*, a solution of . about 125 
200 g of La(NO a ) a .6HaO per litre of water 
is used as the gel-forming substance, a very 
dense primary membrane is obtained which 
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is also thicker than when AiCl 3 is used. 
Otherwise the alginate membrane does not 
differ in its structure from that in Example 
1. 

5 The product formed according to the 
invention does not have the disadvantages 
of an alginate gel formed without addition 
of a softener. The properties required of 
, the alginate gel have not been impaired, 

JO; however, and the possibilities for its use 
are not restricted. On the contrary, new 
possibilities result owing to the stabilised 
alginate membrane. For example* the al- 
ginate membranes prepared according to 

15 the process of the invention can also be 
used in pressure apparatus, while formerly 
the sensitive alginate gels were destroyed by 
the pressure of the sealing rings. 

WHAT WE CLAIM IS: — 

20 1. Process for the preparation of algin- 
ate membranes by the application of a 
layer of an aqueous solution of an alkali 
metal or ammonium alginate to a porom 
substrate saturated with a salt solution con- 

25 taining polyvalent cations that form an al- 
ginate gel by reaction with the alginate 



solution in which the alginate solution, be- 
fore application to the substrate,., is mixed 
with a softener and after the gel-forming 
process, the gel and the substrate are dried 30 
by being subjected to a drying process. 

2. Process as claimed in claim 1, in 
which the softener is a difficultly volatile 
hygroscopic liquid. 

3. Process as claimed in claim 2 in 35 
which glycerol is used as the softener. 

' 4. Process as claimed in any one of the 
preceding claims in which 5 to 20% by 
weight of the softener is admixed with the 
alginate solution. 40 

5.. Process as claimed in claim 4 in 
which 12.5% by weight of the softener is 
mixed with the alginate solution. 

.6. Process for the preparation of algin- 
ate membranes substantially as hereinbefore 45 
described with reference to any one of the 
Examples. 

7. Alginate membranes when prepared 
by the process of any preceding claim. 

W. P. THOMPSON & CO., 
12, Church Street, Liverpool, 1. 
Chartered Patent Agents. 
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